Introduction
A muscle herniation is defined as a defect in the fascia of a muscle with a focal protrusion of muscle through that fascial defect. They are more commonly documented in the lower limb and most commonly in the mid and lower third portions of the lower leg. 1 The tibialis anterior muscle is observed as being the most commonly affected although there have also been reported cases of muscle hernias of extensor digitorum longus, peroneals and the lateral head of gastrocnemius 2 affecting the common fibular nerve (Figure 1 ). The aetiology of muscle herniations has been linked to athletes, repetitive excessive strain on the legs, localised blunt trauma or hypertrophic muscles with weak fascia. 3 Muscle herniations in the lower limb are usually asymptomatic and generally are only investigated for aesthetic reasons or because of pain. 3 Most patient's present with a palpable, subcutaneous lump which may be causing localised tenderness, cramping sensations or spontaneous episodes of pain. In rarer cases, symptoms of burning paresthesia may also be a cause of concern to the patient due to nerve damage from the muscle herniation. 4 The following case report presents a case of peroneus longus muscle herniation with superficial fibular nerve paresthesia. It highlights the role of dynamic ultrasound in making the correct diagnosis of muscle herniations, involving nerve paresthesia so that they are not overlooked. Awareness of muscle herniations and how to use dynamic imaging is crucial in obtaining an accurate diagnosis and if not skillfully performed studies can be found to be non-diagnostic. 5 
Case description
A 24-year old woman presented to our practice for a left lower leg ultrasound questioning the nature of a 'nodular cystic lesion' after a consult with her general practitioner. She presented with a pea-sized lump located in the distal third of her left lateral leg which had been problematic for approximately 2 years. The patient described a sharp shooting pain up her anterolateral leg to her knee after daily activities. At rest, the lump could not be palpated, but after long periods of ankle flexion, it could be felt and did not appear to be mobile. The patient could not recall any injury to the area or repetitive strain, was not a routine exerciser and appeared to be in good physical health.
A targeted ultrasound of the patient's lump was conducted with a GE Logiq E9 (GE Healthcare, Milwaukee, Wisconsin, USA) ultrasound machine using a linear L8-18i transducer with frequencies of 10 and 12 MHz. The region of interest was scanned with the patient's leg in a neutral position with her ankle dorsiflexed ( Figure 2) . A comparison was made of the asymptomatic contralateral leg. She stated that the ankle dorsiflexion movement, for prolonged periods to be the best to visualise the lump.
When the patient dorsiflexed, the peroneus longus muscle was observed protruding through the defect in the fascia and encroaching upon the superficial fibular nerve at the fascial edge; consequentially, the patient experienced a shooting pain through her lateral leg to her knee ( Figure 3 ). The protruding muscles maximum size, which corresponded to the patient's lump was 18 × 4 × 2 mm with a peroneus longus fascial defect of 2 mm in size (Figures 4, 5 and 6).
After reviewing the patient's ultrasound imaging and considering the patient's clinical history, it was concluded that the lump corresponded to the muscle herniation of the peroneus longus and that the muscle compressed the superficial fibular nerve.
Discussion
Muscle herniation is most commonly found in athletes or people that place excessive strain on their limbs. 6, 7 The majority of documented cases are found in the lower limb, predominantly affecting the tibialis anterior muscle as it is the most anterior muscle in the distal leg and is more likely to encounter trauma. 7, 8 As well as the extensor digitorum longus, peroneus and gastrocnemius muscles in the lower leg they can also occur in the upper limb. 2, 7, 9 Muscle herniation often results from a weakening in the fascia from tearing or loosening. This occurs as a result of a bone fracture, blunt or penetrating trauma which frequently occurs in athletes such as dancers and soccer players that suffer repetitive contusions. 3, 7, 10, 11 It can be congenital in people who have a fascial weakness; due to supporting perforating vessels or nerves at that region a lump or multiple lumps and with pain which is sometimes provoked by daily activities, or with an asymptomatic lump/s for investigation. 7, 12 Ultrasound is considered the gold standard examination for detecting fascial defects. 7 The sonographer, with light probe pressure, can scan dynamically to determine the presence of a fascial defect during muscle contraction and positional manipulation. 7 The appearance of a muscle hernia can be extremely subtle and easily missed even with the slightest probe pressure which may reduce the hernia. 9 Without dynamic assessment or heavy transducer pressure, a muscle hernia could be missed particularly if the muscle is at rest and the hernia is spontaneously reducible. 1, 5, 7 In a study of 16 patients performed by Jarrett et al., 81% were scanned with dynamic imaging to identify or accentuate the findings of a muscle hernia. Of those, two cases completely missed the diagnosis with prior imaging that did not use provocative manoeuvres. 5 In our particular ultrasound study, with elevated muscle contraction and pressure from straining, sonographically normal appearing muscle fibres protrude through the weakened fascia. These muscle fibres have the same echogenicity and fibrillar pattern as the normal muscle tissue. 7, 10, 11 The particular movement of ankle dorsiflexion that we found most useful is also known as the 'fencers lunge position' and generally will be the best to accentuate a fascial defect in the lower leg; in particular for the tibialis anterior muscle. 3, 6 Use of strenuous exercise just prior to scanning or asking the patient to perform a squatting stance can aid in visualising the conspicuous lump. 2 Ultrasound is considered fundamental in imaging the nerves and any possible nerve compression associated with a muscle hernia. 4 MRI is also useful to diagnose muscle hernias or as complementary imaging; however, it is possible for a muscle hernia to be left undiagnosed with MRI alone. 4, 5 Ultrasound is considered less expensive compared to MRI, making it a more affordable and accessible modality for diagnosis. 5, 13 Due to the dynamic nature of muscle hernias, they can be missed when scanned with MRI without the use of a muscle contraction. The use of dynamic MRI can be more useful with image sequences obtained before and after muscle contraction. 1 Additional imaging such as MRI can also be important to confirm the diagnosis or to potentially rule out an incorrect diagnosis. An incorrect diagnosis may result in an unnecessary biopsy. 7 Differential diagnoses that can also give alternative explanations for the case features include vascular malformations, soft tissue tumours or underlying muscle injuries such as muscle tears. 1, 9 This case was unique as the patient presented not only with a palpable lump but also with shooting pain radiating up her lateral leg to her knee region. As stated in the case description, it was concluded from dynamic scanning that the peroneus longus muscle hernia was compressing the superficial fibular nerve. Symptoms of superficial fibular nerve entrapment or compression generally produce burning pain, numbness and paresthesia in the distribution of the nerve. 1, 14 The distal third of the lateral leg compartment is generally the most common site for muscle herniation. This is also the approximate location of where the superficial fibular nerve exits or perforates the fascia and hence an area of fascia that is potentially weakened. 1 It is therefore important to obtain a careful history from the patient prior to scanning to ascertain whether any of these symptoms have been an issue and if so a thorough investigation of surrounding nerves needs to take place. Nerve conduction studies can also be performed to assess the motor responses of the nerves to attempt to confirm the diagnosis of nerve impairment and hence entrapment. 4 A physical examination can also reveal if there is a positive Tinel sign present at the region of the palpable lump and muscle hernia. This case was unfortunately unable to be followed any further than the ultrasound imaging and diagnosis. Any further imaging, neurological assessment or intervention for this patient is unknown.
Following diagnosis of a leg muscle herniation, treatment is not usually required in the asymptomatic patient. Mildly symptomatic cases should be managed with conservative measures such as reducing exercise and using compression bandages. 13 Surgery may be warranted where there is severe pain and nerve involvement or for cosmetic reasons. A broad array of surgical options has been described, and includes fascial patch grafting, fasciotomy and simple fascial repair. 6 Surgery poses complications, and as a result, the latter is generally avoided as there is a risk of it resulting in compartment syndrome. 2 Fasciotomy appears to be the preferred method by most surgeons; having the least complications and the most successful outcomes postoperatively. 8 Fasciotomy is performed under general anaesthesia with the muscle herniation pre-marked for identification as the muscles will relax and cause the hernia to disappear. 3 The technique is to enlarge the defect of the muscle hernia longitudinally, and in doing so, this reduces the risks of muscle ischemia or strangulation and releases the nerve. It also eliminates future risk of compartment syndrome, acute or chronic in nature.
11 Figure 6 Transverse B-mode image of peroneus longus muscle and superficial fibular nerve at the patient's region of palpable lump with leg/foot in the dorsiflexed position. The peroneus longus muscle is seen to herniate anteriorly through the muscle fascia compressing the superficial fibular nerve.
Conclusion
In this case, the use of ultrasound proved helpful in the diagnosis of muscle herniation. Ultrasound allowed us to dynamically scan with light probe pressure, enabling us to see the muscle protruding through the fascial defect with ankle dorsiflexion. The appearances of a muscle hernia can be subtle and easily overlooked or misdiagnosed without sufficient operator knowledge. Carefully obtained patient history needs to be taken into account and knowledge of certain patient positioning to optimise a muscle hernia is a must.
